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Abstract
Aim: To explore the biomechanical effects of the different implantation bone levels of Morse taper
implants, employing a finite element analysis (FEA). Methods: Dental implants (TitamaxCM)
with 4x13 mm and 4x11 mm, and their respective abutments with 3.5 mm height, simulating a
screwed premolar metal-ceramic crown, had their design performed using the software
AnsysWorkbench10.0. They were positioned in bone blocks, covered by 2.5 mm thickness of
mucosa. The cortical bone was designed with 1.5 mm thickness and the trabecular bone completed
the bone block. Four groups were formed: group 11CBL (11 mm implant length on cortical bone
level), group 11TBL (11 mm implant length on trabecular bone level), group 13CBL (13mm
implant length on cortical bone level) and group 13TBL (13 mm implant length on trabecular bone
level). Oblique 200 N loads were applied. Von Mises equivalent stresses in cortical and trabecular
bones were evaluated with the same design program. Results: The results were shown
qualitatively and quantitatively by standard scales for each type of bone. By the results obtained,
it can be suggested that positioning the implant completely in trabecular bone brings harm with
respect to the generated stresses. Its implantation in the cortical bone has advantages with
respect to better anchoring and locking, reflecting a better dissipation of the stresses along the
implant/bone interfaces. In addition, the search for anchoring the implant in its apical region in
cortical bone is of great value to improve stabilization and consequently better stress distribution.
Conclusions: The implant position slightly below the bone in relation to the bone crest brings
advantages as the best long-term predictability with respect to the expected neck bone loss.
Keywords: biomechanics, bone, dental implants, finite element analysis.
Introduction
The use of dental implants in contemporary dentistry has become a reality,
bringing many solutions, but also problems related to various factors (both clinical
and biomechanical)1-2. Because the proper functioning of implants is based on
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osseointegration, the relationship between biomechanical
implants and the surrounding hard tissue is of great
importance, as well as its spatial positioning and implantation
insertion depth.
The quality and type of bone involved in implantology
have been extensively studied3-7, and is clear that there is
importance and relevance of these factors in effective and
appropriate force dissipation generating or not a favorable
prognosis to the implants. The basic biomechanical difference
between cortical and trabecular bones is linked to their
different modulus of elasticity, as well as their different types,
and this is where studies involving finite elements differ in
their analyzes5,7-10. The higher the modulus of elasticity in
simulated analysis, the greater the simulated bone density
(type I to type IV).
De Almeida et al.7 obtained results with the highest
maximum principal stress in bones of type III and IV. Three
unilateral posterior loads of 150 N were used (perpendicular
to the prefabricated bar; 30 degrees in a buccolingual
direction and 30 degrees in a linguobuccal direction). They
also concluded that the bone type should not exclusively
be the only determining factor in stress distribution. These
authors also affirmed that there are various other factors that
influence the pattern of stress distribution, such as implant
design, length and diameter, applied forces, implant insertion
depth and type of internal connection.
The Morse taper implant has been highlighted on several
positive features, such as its ability to decrease bacterial
contamination between implant and prosthesis, more aesthetic
predictable and biological quality of the peri-implant tissue, in
addition to reducing the risk of loosening the prosthetic screw11-
12. Quaresma et al.13 also showed that the Morse taper connection
dissipates less stress to the implant surrounding bone than the
internal hexagonal connection. Moreover, some manufacturers’
recommendation is that the best positioning of Morse taper
implants has to be slightly below the bone in relation to the
bone crest; however if it is placed too deep, it can bring too
many differences regarding the stresses distribution.
Evidence found by Akça and Cehreli14 revealed that
the gradual loss of marginal bone around the implant led to
considerable increase of stress in trabecular bone in contact
with the cervical region of the implant. This simulated effect
of bone resorption would be equivalent to the deeper
implantation of the implant, since the loss of cortical bone
would result in only trabecular bone support of the implant,
which has different characteristics from the first one. Similar
findings were found in Okumura et al.15 study.
The aim of this study was to explore the biomechanical
effects in the peri-implant bone of the different implantation
bone levels of Morse taper implants.
Material and methods
The implants used in this study (Profile Projector - Nikon
Model 6C and Stereomicroscope - Leica Model S8AP0) were
measured so that it could have higher degree of fidelity. The
implants and respective abutment used are shown in Table 1
and Figure 1. It was standardized only 4 mm for implant
diameter in order not to create another variable and only
evaluate the correlation between implant length and different
implantation bone levels. The implant prostheses were
designed to be screwed premolar metal-ceramic crowns.
Three-dimensional finite element graphic models
reproduction of all prosthetic elements and implants required
for this study, as well as a bone block in which the implants
were inserted, were performed using the program
AnsysWorkbench10.0 (Swanson, Analysis Systems, Inc.,
Houston, TX, USA).
Morse taper Implant Length(mm) Abutment height(mm) Trademark
Titamax CM 13
11
Pilar CM
3.5
Table 1. Type and lengths of 4 mm implants diameter and
abutment height
Neodent
Fig. 1. Abutments (Pilar CM 3.5mm) positioned with the respective implants
(Titamax CM – 13 mm and 11 mm length).
The implants were positioned in bone blocks, “covered”
of 2.5 mm thickness of mucosa. The cortical bone was
designed with 1.5 mm thickness and the trabecular bone
completed the bone block, both configuring a 1,742 mm3
total volume. Four groups were formed: group 11CBL (11
mm implant length on cortical bone level), group 11TBL
(11 mm implant length on trabecular bone level), group
13CBL (13 mm implant length on cortical bone level) and
group 13TBL (13 mm implant length on trabecular bone
level) (Figure 2).
The results were analyzed by a color scale, where each
tone corresponds to an amount of stress generated in the
structures, and how they were distributed over the analyzed
structures (implants, abutments, bone, or any other object of
441Morse taper implants at different bone levels: a finite element analysis of stress distribution
Braz J Oral Sci. 11(4):440-444
Group 11CBL           Group 11TBL          Group 13CBL     Group 13TBL
Proximal view of the groups
Morse taper
implants at
different bone
levels
Internal view of the vestibular face
Cortical legend                                  Cortical bone
Trabecular legend                                Trabecular bone
Fig. 2. Groups formed with Morse taper implants at different bone levels and VMES for cortical
and trabecular bones
Structure Modulus of Elasticity/Young (MPa) Poisson’s Ratio (v) References
Trabecular bone 1,370 0.30 Ko et al., 199223; Sertgoz, 199725
Cortical bone (1.5 mm) 13,700 0.30 Ko et al., 199223; Papavasiliou et al., 199626; Assif et al., 199627
Mucosa (2.5 mm) 19,6 0.30 Ko et al., 199223; Reinhardt et al., 198324
Implant (Ti) 110,000 0.35 Ciftci & Canay, 200018; Pierrisnard et al, 200328; Monteith, 199329;
CoCr structure 218,000 0.33 Anusavice, 200330; Craig, 199731
Resin 7,000 0.2 Craig, 198932
Porcelain 82,800 0.35 Sertgoz, 199725
Table 2. Mechanical properties of materials
analysis) in the three directions of space (X, Y and Z).
Oblique loads (approximately 45o) in the linguobuccal
direction with 200 N of intensity were applied and von Mises
equivalent stresses (VMES) on cortical and trabecular bones
were evaluated. All the specific properties of each structure
involved in the simulations (Modulus of Elasticity/Young
and Poisson’s Ratio) are presented in Table 2. Standard scales
for each type of bone were constructed to analyze qualitatively
and quantitatively. It was considered the internal face of the
buccal side for stress analysis because of their greater
relevance considering the direction of oblique forces.
In the absence of information about the precise organic
properties of the cortical and trabecular bones and mucosa,
they were assumed to be homogeneous, isotropic, and linearly
elastic as were the other materials used in the analysis.
Results
The VMES were evaluated, which represents the mean
of the stresses in all directions, in different groups.
Quantitative comparisons were made between the different
groups to determine the generated stresses in cortical and
trabecular bones (Figure 2).
The VMES values ranged from 0 to 40 MPa in cortical
bone, and from 0 to 7 MPa in trabecular bone,
approximately. In general, the absolute values of stress on
cortical bone were the same, but with greater width in the
groups with cortical bone level implant (CBL). For the
trabecular bone stress, it was higher in the groups with
trabecular bone level implant (TBL) and reaching higher
absolute values than CBL.
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Discussion
The objective of this study, using three-dimensional
finite element analysis (FEA), was not to replicate exact in
vivo stresses, but rather to illustrate a possible difference of
the stress distribution on different bone levels of Morse taper
implants. FEA allows a better understanding of implants’
biomechanical aspects and how such stress occurs on the
surrounding bone. Long-term clinical research is required to
determine the influence of observed stress levels on implants
and surrounding bone16.
Bone quality has been considered the most critical factor
for implant success at both surgical and functional stages,
and it is therefore suggested that occlusal overload in poor
quality bone can be a clinical concern for implant longevity3.
In studies n human patients, higher failures of implants were
observed in bone with poor quality8-9. Tada et al.5 also
confirms the importance of bone quality and its pre-surgical
diagnosis for implant long-term prognosis. The results of
their study suggest that trabecular bone with higher bone
density might ensure a better biomechanical environment
for implants.
Rubo and Souza17 concluded in FEA that stresses tended
to be concentrated at the cortical bone around the cervical
region of the implant closest to the load, whereas stresses in
trabecular bone were considered low.
Contrary to the findings of Baggi et al.18 and the results
in this study, Chou et al.19 concluded that, evaluating the
biomechanical response of the jaw bone with wide-diameter
and short implants versus narrow-diameter and long implants,
using FEA, there was more even and higher strain distribution
in the peri-implant bone at the wide-diameter and short
implant as compared with the narrow-diameter and long
implant, apart from the fact that stress levels in peri-implant
bone were reduced as the insertion depth of the implant was
increased. These findings may be due to the comparative
association just of the wide-diameter and short implants to
the narrow-diameter and long implants. The short length of
the implants may have been superimposed on the beneficial
effect of large diameter, also interfering with the stress in
relation to the insertion depth.
Undue tensions, originated from a possible occlusion
maladjusted, poorly positioned implant or even due to the
presence of poor quality bone, can lead to injury or bone
resorption20. According to Isidor6, occlusal forces affect an
oral implant and the surrounding bone, and according to the
bone physiology theories, bones carrying mechanical loads
adapt their strength to the load applied on it by bone
modeling/remodeling. The phenomenon of bone resorption
in the form of a saucer around the cervical region of implants
called saucerization may arise from both exacerbated tensions
in the region or even local biological factors, such as bone
loss is observed also in non-loaded implants21.
Another possible cause of this bone loss is related to
the low stresses acting on the peri-implant bone. An
equivalent stress of 1.6 MPa has been deemed sufficient to
avoid crestal bone loss from disuse atrophy in the mandibular
canine-premolar region22.
Akça and Cehreli14 simulated by FEA the gradual loss
of peri-implant bone. The authors concluded that this loss is
highly prejudicial to the biomechanical system. The presence
of cortical bone contacting a load-carrying implant, even in
a bone defect, improves the biomechanical performance of
implants in comparison with only trabecular bone support
as a sequel of progressive marginal bone loss. These findings
are totally in favor of the results present in this study.
Pierrisnard et al.23 specifically studied the bicortical
anchorage effect on the transferred stress to implant
components, the implant proper, and the surrounding bone.
Such as in this study, the authors showed that the stress
concentrated to the cortical bone, at the cervical area, and
affirmed that the use of long implants (more than 10 mm) is
a positive factor in osseointegration. However, this does not
always result in better stress distribution to the implant
components and bone, as if the cervical portion of the cortical
anchoring of the implant is good, the influence of implant
length becomes less important.
In this study, stresses were higher in cortical bone, but
this should not represent a risk factor because it was expected
due to its higher modulus of elasticity. This finding was
also found by Baggi et al.18, and that implant biomechanical
behavior greatly improves efficiently if bone is preserved at
the crest. The literature reports various values of the elastic
and plastic boundary deformation, which may be mentioned
an average of 140 MPa for cortical bone and 10 MPa for
trabecular bone24-25. Trabecular bone stresses were higher when
the implants were at this level (TBL), and better distributed
for greater implant length and anchored with its apex in the
cortical bone.
Qian et al.26 investigated the interactions between
diameter, insertion depth, and load angle applied on the
implant by three-dimensional finite element analysis. The
authors concluded that a narrow-diameter implant, when
inserted into jawbone with a shallow insertion depth and
loaded with an oblique loading angle, is most unfavorable
for stress distribution in both bone and implant. This result
may have been found because with greater depth of implant
installation the lever arm portion of the prosthesis has less
effect. However, it has also to be considered that the implant
in the cortical bone tends to increase its stability and locking,
as reported by Pierrisnard et al.23.
Okumura et al.15 performed a FEA to investigate the
effect of maxillary cortical bone thickness, implant design
and diameter on stress around implants and the von Mises
stresses were calculated. Regardless of load direction, implant
design and diameter, cortical and trabecular bone stresses
increased with the decrease of crestal cortical bone thickness.
In the absence of crestal cortical bone, trabecular bone stresses
were highest and, under axial load, were transferred to the
sinus floor. From a biomechanical viewpoint, to improve
implant success odds in the posterior maxilla, rather than
implant selection, careful preoperative evaluation of the
cortical bone at the planned implant site is recommended. If
this cortical bone is too thin or even lacking, implant treatment
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should be carried on with caution by progressive loading
in the range of functional loads.
Thus, just as observed by Akça and Cehreli14, Okumura
et al.15 and Pierrisnard et al.23, the loss of cortical bone at
the cervical region of the implant can cause biomechanical
harm at the implant/bone interface.
Within the limitations of this in vitro study, the
following conclusions can be drawn:
• According to the literature, the implant position
slightly below the bone in relation to the bone crest brings
advantages already known as the best long-term
predictability with respect to the expected bone loss around
its cervical region, but also the best behavior of soft peri-
implant tissue;
• However, by the results obtained, it can be suggested
that the positioning of the implant completely in trabecular
bone brings harm with respect to the generated stresses. Its
implantation in the cortical bone has advantages with respect
to better anchoring and locking, reflecting the better
dissipation of the stresses along the implant/bone interfaces.
• In addition, the search for anchoring the implant in
its apical region in cortical bone is of great value to improve
stabilization and consequently better stress distribution.
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